Noise in Electron Devices by Haus, Hermann A.
IX. NOISE IN ELECTRON DEVICES
Prof. H. A. Haus Prof. R. P. Rafuse
Prof. P. L. Penfield, Jr. Dr. G. Fiocco
A. HIGHER-ORDER CORRELATION FUNCTIONS OF LIGHT INTENSITY
A measurement of the photoelectron count of a photosurface illuminated by laser
light was outlined in Quarterly Progress Report No. 69 (pages 31-33). It was pointed
out there that the mean-square deviation of the photoelectron count within a time T
is related to the correlation function of the light intensity R(T). 1 ' 2 We shall now show
that higher-order moments of the photoelectron count are related to the higher-order
correlation functions of the light intensity. In the derivation we assume that the coher-
ence area of the light beam is larger than the photocathode area.
The probability PT(K) of obtaining exactly K counts in the time interval 0 < t < T
from a photocathode illuminated by light of intensity (power) P(t) is
K
nT -nT
PT(K) e (1)
where
T
n T = a P(t) dt. (2)0
Here, a is a proportionality factor incorporating the photoefficiency of the cathode. The
falling factorial moment of kt h order of the photoelectron count, K(K-1) . . . (K-k+l), is
0C KSnT 
-n T  kK(K-1) ... (K-k+1) = K! e K(K-1) . .. (K-k+1) = n . (3)
K=1
Thus far, we have taken an average with respect to the probability distribution of the
Poisson process. If the light intensity itself varies in a statistical manner, an average
has to be taken over the statistics of the incident light. This average is denoted by
angular brackets.
(K(K-1)... (K-k+1) = (n kT = ak P(t) d . (4)
The right-hand side of Eq. 4 may be written
nk = k! ak t0 P(t) Ptk)dt ... dt k .  (5)
Sk =0 1 ( k
The integrand can be put into the form of a (k-1) th-order correlation function
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by introducing the new variables
tl = t t = t + TI ... tk t + Tk- 1
nk =k! ak S T = T-Tk-1
k-1
S 0 (t) .. P(t+ k- 1 )  dT1 ... dtdTk- 1
1
If the light is stationary, the expectation value of the integrand does not depend upon t,
and the integration over t can be carried out immediately. Furthermore, noting that
the integrand is the correlation function of (k-1)th order, Rk- 1 (T . . .Tk-), of the light
power, one obtains
nk> = k! ak5
Tk-1 = 0
2  (T-Tk-l) Rk- (T' ' . k-1) dT . . . dTk- 1  (7)
1=0
Differentiating Eq. 7 with respect to T, one obtains
d <k k k T
dT T = k! ak
Tk-1 =0
S Rk-1 (T k-) dT dTk-
1=0
The falling factorial moment of k t h order of the photoelectron count within an observa-
tion time T is thus simply related to the (k-l)th-order correlation function of the light
intensity. For the factorial moment of second order, k = 2, one obtains
dT2 nT> = ZaR 1(T).dT T1
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